Electromagnetic fi elds, which are among the major environmental problems, pose a risk for human health when they exceed the pollution standards (1) . Exposure to constant magnetic fi elds modifi es the oxidative process (2) . An increase in the incidence of coronary heart disease, brain tumour, leukaemia, lymphoma, soft tissue sarcoma, headache, depression, birth and reproductive anomalies and Alzheimer's disease in those who have been exposed to a magnetic fi eld suggests that these sources cannot be used unrestrictedly (3, 4) . Free radicals, whose major external sources include industrial pollution, ionized radiation, ultrasound and magnetic fi elds, are atoms, molecules or parts of these, and lead to neoplasia, neurodegeneration, infl ammation and aging of the organism by causing oxidating stress (5) . The high intensity and energy levels of electromagnetic fi elds and waves increase the formation of free radicals (6) . By killing immune cells and displaying an increase parallel to the increase in Ca 2+ in the plasma and tissues, radicals reduce the activity of natural killer cells and accelerate tumour development (7) . It has been noted that zinc, which is associated with several enzymes in the body, can prevent cellular damage by activating the antioxidant system (8) . Additionally, previous studies have investigated whether zinc supplementation had a protective effect against the damage induced by a static magnetic fi eld (9) . Studies also have addressed the effect of electromagnetic fi elds on the levels of zinc in tissues (9) . The present study aimed to examine the effects of long-term electromagnetic fi eld exposure and zinc supplementation on lipid peroxidation in lung and liver tissues.
Methods
The study was conducted at Selcuk University Experimental Medicine Research and Application Center on 24 adult male Sprague-Dawley type rats. The study was approved by the ethics committee of the concerned centre.
Experiment Protocol: The animals used in the study were divided into 3 groups.
Control Group (G 1 "n=8"): The group, which was fed with normal feed and tap water and not subjected to any procedure.
Group Exposed to an Electromagnetic Field (G 2 "n=8"):
The group fed with normal feed and tap water and exposed to a mag-netic fi eld for 5 minutes every other day over a period of 6 months.
Zinc-Supplemented Group Exposed to an Electromagnetic Field (G 3 "n=8"):
The group, which in addition to being fed with normal diet and water was supplemented with 3 mg/kg/day/ rat intraperitoneal zinc sulphate for 6 months. The animals in this group were exposed to a magnetic fi eld for 5 minutes every other day for 6 months.
The animals were decapitated at the end of the experiment and liver and lung tissues were collected to determine the levels of MDA, GSH and zinc.
Formation of a Magnetic Field:
The plastic cages were wound by a single line of isolated copper wire with a 0.30 mm diameter. The decision regarding the number of windings and the wire diameter was based on the principle of obtaining the desired magnetic fi eld intensities while a reasonable level of current passed through the winding. Thus, it was ensured that the wire did not warm and the animals were not subjected to any heat stress.
The windings around the cages were fed with a power supply transformer whose output voltage was 12 V and output power was 30 W. The supply voltage of the primer of this transformer was controlled by a dimmer loop to obtain the desired fi eld intensity. For precision arrangements, the windings were supplied from a mechanical rheostat. An appropriate voltage regulator was used on the supply transformer in order to prevent the effects of the fl uctuations in the network voltage.
The network alternative current frequency used in our country is 50 Hz and 50-mG magnetic fi eld intensity was formed in the study. The animals in the control group were also kept in the cages where the experimental groups were kept, but without connecting the electrodes of the winding to the power supply circuit.
Measurement of the magnetic fi eld intensity: A compact wideband precision (resolution: 1 nT/ 0.01 mG on 20 mG range, accuracy: ±1% +1 count) magnetometer (Walker Scientifi c, USA; Broad Band AC magnetometer, BBM 3 D) was used for this purpose.
Cages: In order to prevent possible distortions and form a homogenous magnetic fi eld, the cages, in which the animals would be exposed to the magnetic fi eld, were specially manufactured from polyvinyl chloride (PVC). The cages measured 35x25x25 cm in size. The feeding bowls and bottles of the animals were also made entirely of glass and PVC. With a view to minimizing the effect of environmental magnetic fi elds, the cages were placed in places where background magnetic fi eld strength was the lowest (0.1 mG) in the room. Mean temperature was 22°C and relative humidity was between 55 and 60 % in the room.
Biochemical Analyses
Tissue MDA Analyses: Lung and liver tissue samples were homogenized with 150 mMol KCl at +4 ºC to obtain a 10 % homogenate (Microsan Ultrasonic Cell Disruptor Misonic). Two ml of HClO4 was added to 2 ml of homogenate and centrifuged at 3000 rpm for 15 minutes. MDA level was evaluated in the supernatant. Then, 3 ml H3PO4, 1 ml 0.675 % thiobarbituric acid and 0.5 ml of homogenate were mixed, and the mixture was kept in a boiling water bath for 45 minutes (10) . MDA levels were measured at 532 nm and determined as nmol/gram/protein.
Tissue GSH Analyses: In order to obtain a 10 % homogenate, lung and liver tissue samples were homogenized with 150 mMol KCl at +4 ºC (Microsan Ultrasonic Cell Disruptor Misonic) and then centrifuged at 3000 rpm for 15 minutes. GSH level in the supernatant was determined using the Ellman method (11) . Tissue protein concentration was determined by a biuret method. GSH level was established as mg/g/protein.
Determination of Zinc Levels in Lung and Liver Tissues
In order to prevent contamination, lung and liver tissue samples were put in capped polyethylene tubes washed with NHO3 and deionized water. The samples were stored at -35 ºC until the time of analysis. For the analysis, liver tissue was ground into a fi ne powder in a mortar and wet weight of the tissue was recorded. This powder was added concentrated H2SO4 and concentrated HNO3 (gram tissue /ml H2SO4 / ml HNO3 = 1/1/10). Then it was kept in a closed-system microwave oven (CEM-Marsx5) at 170 psa pressure and 200 ºC temperature for 20 minutes. The fi nal volumes of the samples were brought up to 25 ml by adding deionized water and the samples were kept waiting for half an hour before being read. The analysis procedure was carried out using the Atomic Emission (ICP-AES) apparatus in the Soil Department of S.U. Faculty of Agriculture. The results were calculated as mg/L.
Statistical Analysis: Statistical analysis was conducted using the SPSS statistics software. The results were presented as mean±SD. A variance analysis was carried out and the differences among groups were determined by the LSD (The Least Signifi cant Difference) test. Values for which p<0.05 were accepted signifi cant.
Results
When lung and liver MDA levels were examined, it was found that this parameter was higher in the Group 2 than in the Groups 1 and 3 (p<0.01) (Tab. 1). Although MDA levels in the lung tissue of the EM fi eld + zinc supplementation group were higher than those in the control group (group 1), they were lower than the levels in the group exposed to EM only (p<0.01) (Tab. 1).
An examination of the GSH levels in lung and liver tissues showed that the GSH levels in the Group 3 were higher than the levels in the Groups 1 and 2, and the levels in the Group 2 were higher than those in the Group 1 (p<0.01) (Tab. 2).
Zinc values in the liver and lung tissues were the highest in the Group 3 and the lowest in the Group 2 (p<0.01) (Tab. 3). 
Discussion
In the present study, MDA levels increased signifi cantly in the lung and liver tissues of rats exposed to the electromagnetic fi eld with a 50-Hz frequency in a long term (6 months) (the Group 2). Toxic oxygen free radicals are highly reactive and bring about pathological outcomes by damaging biomolecules, enzymes, membranes, proteins and lipids (12, 13) . The impact of the electromagnetic fi eld on different tissues depends on the duration of exposure and the type of tissue (13) . Electromagnetic fi elds have been demonstrated to increase free radical formation in several studies (14, 15) . The fact that exposure to the electromagnetic fi eld has been shown to cause lipid peroxidation in the mouse liver (14) or, similarly, that exposure to the electromagnetic fi eld has been reported to increase MDA formation in the liver and brain of rats (15) , is parallel to our fi ndings. Levels of GSH in the rats exposed to the electromagnetic fi eld (the Group 2) in our study were found higher, relative to the levels in the control group. This fi nding indicated that although the antioxidant system was activated in the rats exposed to the electromagnetic fi eld, it failed to inhibit the oxidative damage. Likewise, Seyhan and Canseven (16) reported in a similar study that exposure to a 50-Hz electromagnetic fi elds affected the antioxidant defence systems in a number of organs like the spleen, skin, lung, kidney and brain. The electromagnetic fi eld used in the concerned study was identical with the one we used in our study and supported our fi ndings. In another study, an acute exposure to the electromagnetic fi eld was found to decrease GSH levels in the liver (17) . The fact that we have found decreased GSH levels in our study is congruent with the fi ndings of the concerned study.
An examination of the part of our study about the lung tissue demonstrates that MDA levels in this tissue increased with the exposure to the electromagnetic fi eld. Although GSH levels were also elevated in response to the increased MDA levels, they failed to restore the MDA levels to control values. These fi ndings showed that the increased tissue damage in the lung tissue resulting from exposure to electromagnetic fi elds could not be prevented, despite the enhanced antioxidant system activity. Similarly, Güler et al. (18) reported in their study that exposure to a 50-Hz electromagnetic fi eld elevated SOD and TBARS levels in the lung tissue.
Liver MDA levels in the Group 3, which was exposed to an electromagnetic fi eld and supplemented with zinc, were lower than those in the non-supplemented Group 2. These fi ndings indicated that zinc supplementation to rats exposed to an electromagnetic fi eld signifi cantly reduced levels of MDA, which is an indicator of tissue damage in the liver. Zinc has an activating effect on the antioxidant system (8) . Several researchers reported that zinc defi ciency in the organism caused lipid peroxidation (19, 20, 21) . The results we obtained in the Group 3 in our study are consistent with the studies highlighting the antioxidant character of zinc.
Our results also demonstrated that GSH levels in the group exposed to the electromagnetic fi eld and supplemented with zinc (the Group 3) were higher than those in the Groups 1 and 2. The fact that GSH levels were higher in the Group 2 than in the Group 1 demonstrated that antioxidant system activity was enhanced in the animals exposed to the electromagnetic fi eld in order to prevent tissue damage. Higher GSH levels also showed that zinc supplementation in the Group 3 made the increase in the antioxidant system activity more marked. The fact that GSH levels in the Group 3 were higher indicated that zinc activated the antioxidant system and inhibited the lipid peroxidation caused by the exposure to the electromagnetic fi eld. Previous studies, where zinc supplementation was found to produce a protective effect on the liver (22) and to balance redox reactions in the lung tissue, support the results we have obtained (9, 23) .
Lung and liver zinc levels in the Group 3, which was exposed to the electromagnetic fi eld and supplemented with zinc, were higher than those in the Groups 1 and 2. These fi ndings show that the tissue levels of zinc increased as a result of the supplementation of the concerned element. However, it should be noted that zinc levels in the lung and liver tissues of the Group 2, which was exposed to the electromagnetic fi eld, were lower than the levels in the control group. It was reported in the previous study that zinc levels in the liver and kidney tissues of rats exposed to an electromagnetic fi eld for 1 hour daily for a period of 1 month remained unchanged (9) . However, electromagnetic fi eld-exposure for 6 months in our study signifi cantly reduced the zinc levels in the liver and lung tissues of rats. Reduced levels of zinc, found in the present study, are seen to result from long-term exposure to an electromagnetic fi eld. The difference between these results is attributable to duration of exposure. However, it was observed that zinc supplementation together with electromagnetic fi eld exposure restored the reduced zinc levels.
After an overall evaluation of the results of the study, one can come to the following conclusions:
1. Long-term exposure to an electromagnetic fi eld causes lipid peroxidation in the lung and liver tissues of rats.
2. Long-term exposure to an electromagnetic fi eld may lead to a decrease in lung and liver tissue zinc. 3. Zinc supplementation inhibits the cellular damage caused by electromagnetic fi eld exposure in rat lung and liver tissues, while restoring the reduced tissue zinc levels.
